Acute renal insufficiency developed in three patients receiving chemotherapy for tuberculosis. It is proposed that acute diffuse interstitial nephritis related to the drugs was responsible for the renal injury. Recovery of renal function was slow and incomplete. Physicians administering chemotherapy to patients with tuberculosis must be aware of the potential nephrotoxicity of the common treatment regimens.
Acute diffuse interstitial nephritis (ADIN) is a distinct clinicopathological entity comprising fever, decreasing renal function, hematuria, proteinuria, peripheral blood eosinophilia, and on histological examination mononuclear and eosinophilic infiltration of the renal interstitium without vasculitis or glomerulonephritis. ADIN usually occurs as a complication of an acute bacterial infection or hypersensitivity reaction to a drug (1, 2, 14) . Bacterial infections that have been implicated in the development of ADIN include streptococcal sepsis, syphilis, leptospirosis, diphtheria, and brucellosis (2, 14) . A number of drugs have been reported to cause this form of renal injury, most commonly penicillins, sulfonamide antibiotics, and sulfonamide diuretics (1, 10, 14) .
ADIN has been reported as a toxic complication of rifampin therapy (4, 8, 12) but has not been commonly attributed to isoniazid, ethambutol, or streptomycin (1, 2, 5, 6, 10, 14) . In two of the three cases reported herein, the clinical and, in one, the histopathological picture of ADIN occurred during the course of antituberculous therapy not including rifampin. The third patient was receiving isoniazid and rifampin when ADIN developed. These cases are reported to suggest that this form of renal injury may complicate antituberculous chemotherapy and to alert physicians to the necessity of monitoring renal function in patients being treated for tuberculosis. CASE REPORTS First case. A 52-year-old man was admitted to the Nashville Veterans Administration Hospital because of weakness, chills, productive cough, a chest X ray suggestive of cavitary tuberculosis, and a sputum smear positive for acid-fast bacilli. Multiple initial sputum and urine cultures were positive for Mycobacterium tuberculosis. A urine analysis was normal, except for three to four leukocytes per high-power field. The serum creatinine was 1.4 mg/100 ml, and an intravenous pyelogram (IVP) was normal soon after admission.
The patient was treated with isoniazid (Kasar Laboratories), ethambutol (Myambutol, Lederle) , and streptomycin (Tubex; Wyeth) beginning 8 May 1973. He regained his sense of well-being within 2 weeks of admission. Streptomycin was discontinued after 4 weeks because of vestibular toxicity. Urine cultures obtained on and after day 3 of treatment were negative for M. tuberculosis. Sputum cultures remained positive until week 16. The drug therapy is summarized in Table 1 . Renal insufficiency (serum creatinine of 4.8 mg/100 ml) was first noted during week 9 of hospitalization. Examination of the urine revealed 10 to 25 erythrocytes per high-power field, many coarse granular casts, and occasional tubular epithelial cells. Drug therapy at this time consisted of isoniazid, ethambutol, pyridoxine (50 mg daily), and one multiple vitamin capsule daily. No other drugs were being given. Despite the absence of symptoms and physical findings, renal function continued to deteriorate. The creatinine clearance fell from 65 ml/min on day 14 of hospitalization to 11 ml/ min on day 97. Hypercalcemia (10.6 to 11.7 mg/ 100 ml) and peripheral blood eosinophilia were also noted (Fig. 1) . The fluctuating eosinophil count may have been related to its computation from the total leukocyte count and the percentage of peripheral eosinophils. Proteinuria of 1 g/24 h was measured on one occasion. An IVP demonstrated no abnormalities except delayed excretion of contrast material. Ther evidence of obstruction and the kidr normal in size and contour.
Renal biopsy was performed during Examination by light microscopy ri homogenous pattern of interstitial ir by lymphoid cells and eosinophils, ir ,e was no intertubular connective tissue, and mild tubuneys were lar atrophy (Fig. 2) . The process was diffuse although more marked in some areas than in week 11. others. No areas of calcification were seen. All evealed a glomeruli were well preserved and free from ifiltration lesions. Examination by electron microscopy icrease in revealed a predominantly lymphocytic interstitial infiltrate (Fig. 3) . Dense deposits were oberapy served within the tubular basement membrane, finely granular in character and consistDosage (g/ ent with morphological descriptions of immune day) complex deposits, including those seen in renal tubular disease in humans (3, 7) . In some in-1. 6 stances, interstitial foci of lymphocytes were There was no evidence of urinary tract obstruction. Discounting the two vitamin preparations, only ethambutol and/or isoniazid would seem to have been responsible for the renal dysfunction and histological picture of ADIN. Since this relationship had not been hitherto appreciated, the drug regimen was not altered for a significant period of time. This may have resulted in the incomplete recovery of renal function. Second case. A 56-year-old man was admitted to the Nashville Veterans Administration Hospital because of night sweats, weight loss, dyspnea on exertion, productive cough, and a chest X ray compatible with cavitary tuberculosis. Initial sputum examinations revealed numerous acid-fast bacilli, and sputum cultures were subsequently positive for M. tuberculosis. Cultures of urine and bone marrow were negative. Routine analysis of the urine was unremarkable, the serum creatinine was 1.0 mg/100 ml, and the creatinine clearance was 79 ml/ The patient was first noted to have developed renal insufficiency (serum creatinine of 6.5 mg/ 100 ml and creatinine clearance of 16 ml/min) during week 9 of hospitalization. Renal function had not been tested for the 4 was normal, except for a minor irregularity of the right upper pole calyx. One urine culture on day 2 was positive for M. tuberculosis, but three subsequent urine cultures between days 3 and 50 were negative. On day 8 he was placed on 10 mg of prednisone every 8 h because of constitutional symptoms and high fever, but this had to be discontinued 10 days later because of signs of acute pancreatitis. On day 53 of hospitalization, the creatinine clearance was noted to have decreased from an admission value of 85 to 23 ml/min. Serial serum creatinine determinations are shown in Fig. 6 . There was no increased peripheral blood eosinophilia at any time during his course. Glycosuria and hyperchloremic acidosis were transiently present during week 8. Another IVP was unremarkable except for delayed excretion of contrast material. A renal biopsy on day 60 demonstrated a diffuse, heavy infiltrate of inflammatory cells around tubules in both the cortex and medulla ( Fig. 7 and 8) . Lymphocytes predominated, but many eosinophils and plasma cells were also seen. There was marked interstitial edema with little fibrosis. Glomeruli and blood vessels appeared normal. No granular deposits or linear staining were demonstrated by immunofluorescent studies with antisera to immunoglobulin A (IgA), IgG, IgM, C'3, and C'4. No deposits were seen on electron microscopy. All antituberculous therapy was stopped. Other drugs administered prior to this included pyridoxine, aluminum-magnesium hydroxide (Riopan, Maalox, Amphojel), a multiple vitamin capsule, folic acid, and vitamin B12. No other drugs were given. By day 70 his creatinine clearance had improved to 35 ml/min. Streptomycin was begun because of continued fever. Pyrazinamide was added to the regimen on day 129. At about this time an asymptomatic elevation of the serum calcium (11.4 to 13.2 mg/100 ml) was noted but was never well explained. On a low calcium diet and off multiple vitamins (400 U of vitamin D per tablet), this had stabilized at 12 mg/100 ml at the time of discharge on day 205. He was afebrile and was continued on streptomycin, 1 g intramuscularly twice weekly, and pyrazinamide, 1 g twice daily. Recovery of renal function was incomplete (Fig.  6) , with creatinine clearances of 30 ml/min at discharge and 37 ml/min 5 months later.
Comment. The chemotherapy this patient received for tuberculosis consisted of only isoniazid and rifampin. He was on no other medications, except vitamins and antacids, when acute loss of renal function occurred. Although rifampin has been reported to cause ADIN (4, 8, 12) , this case is included to emphasize the fact that this type of nephrotoxicity can accompany more than one drug regimen for tuberculosis.
DISCUSSION
Renal insufficiency complicating tuberculous infection may be due to (i) advanced parenchymal disease, in which case the intravenous pyelogram is almost always abnormal (15); (ii) obstructive uropathy as a result of urethral cicatrization (implicating drug-induced healing of superficial mucosal lesions); (iii) rarely, streptomycin-induced acute tubular necrosis; and (iv) as mentioned, ADIN (1) .
ADIN is a more frequent form of renal injury than is commonly recognized by most physicians, is being described as a complication of an increasing number of drugs, and is poorly understood in terms of pathogenesis and natural history. This, together with the frequency with which isoniazid and ethambutol are administered, would seem to justify raising the possibility that these drugs may also cause this serious and potentially irreversible type of renal failure.
